We performed a three-year radiostereometric analysis (RSA) study of the Elite Plus femoral component on 25 patients undergoing primary total hip replacement. Additional assessments and measurements from standard radiographs were also made.
The Elite Plus system (DePuy International Ltd, Leeds, United Kingdom) was the latest "evolution" of the successful Charnley lowfriction arthroplasty (DePuy). Following the modular Elite version, the Elite Plus stem was designed to improve load transfer to the proximal femur. 1 Like the Charnley, it is 'shapeclosed ' 2 with a proximal flange, single taper and a textured surface. A distal centraliser is included to improve cement mantle uniformity.
Published reports on the medium-term performance of the Elite Plus stem have been conflicting, with some recording an unsatisfactory [3] [4] [5] [6] and others a good outcome. [7] [8] [9] Using radiostereometric analysis (RSA), it has been shown that shape-closed femoral components migrate very little during the first few years and that any excessive departure from this general trend signals loosening and failure in the medium-to long-term. 10 Radiostereometric analysis is therefore a useful short-term tool for predicting the failure of prostheses.
We report the results of an RSA study of the Elite Plus stem and compare them with those of other RSA and clinical studies of this implant.
Patients and Methods
Elite Plus femoral components were modified for RSA by the manufacturer (DePuy) with tantalum marker beads at the stem shoulders and tips. Following ethical approval and informed consent, 29 patients underwent primary total hip replacement (THR) using the beaded stems and Charnley flanged acetabular components (DePuy). Four patients were subsequently excluded because they had an insufficient number or scatter of visible bone marker beads, leaving 25 in the study. Additional details of the patients are given in Table  I . There were 17 women and eight men, and the diagnosis was osteoarthritis in 23 patients and rheumatoid arthritis in two. The mean age of the patients was 60.4 years (37 to 81). A total of 17 implants were on the left side. One patient had a bilateral THR (one RSA stem on the right side).
The operations were carried out by one surgeon (MLP) between February 2000 and April 2001. A posterior surgical approach was used in three patients and a lateral (Hardinge 11 ) approach in the others. Fourth-generation cementing techniques were used including distal femoral occlusion, pulsatile lavage, the use of high-viscosity cement, proximal femoral occlusion and cement pressurisation for up to five minutes before insertion of the stem. Up to eight tantalum marker beads were injected into the cancellous bone of the proximal femur immediately before the introduction of the cement. A marker bead in seven of the plastic cement restrictors allowed migration of the cement mantle to be followed. Stem centralis-ers were used on 15 femoral components. There were 15 size-3 and ten size-2 stems, all of which were flanged with standard offset. All the femoral heads were 22.23 mm in diameter (14 zirconia, 11 stainless steel). The acetabular components were fixed by using CMW2 cement (DePuy CMW, Blackpool, United Kingdom). Radiostereometric analysis. Radiostereometric analysis (UmRSA; RSA BioMedical, Umea, Sweden) examinations were undertaken at approximately seven days (used as a reference) and at 1, 3, 6, 12, 24 and 36 months. One patient (case 16) missed the seven-day and one-month examinations, so it was decided to continue her subsequent examinations using the three-month examination as the reference, but setting this value at the mean of the other stem segment migrations at that time (thereby keeping the overall mean values at three months the same). Only stem segment migrations were recorded for this patient. The analysis and statistics were carried out on two sets of stem segment results, with and without the inclusion of case 16. Migrations of individual landmarks (head, shoulder, tip) were not followed for this patient and therefore the overall analysis and statistics of individual points were for 24 patients.
The repeatability, assuming negligibly small bias error, 12 of the RSA technique was estimated by carrying out 'double examinations'. To minimise the risks of exposure to radiation, only five patients were measured because they had received the least overall exposure, i.e. not as many repeat sessions for inadequate radiographs. For each double examination, the patient was removed and the radiological equipment repositioned between examinations. The repeatability was determined according to Ranstam, et al 12 except that, instead of using a repeatability coefficient of 1.96, we used Student's t-value for the small sample of five (repeatability = ± t × SD, where n instead of n-1 was used as the denominator of the SD). The repeatability coefficient was half of the range of values within which 95% of the differences between the double examinations were expected to lie. Patient scores and measurements. At 36 months the Charnley modification 13 of the Merle d'Aubigné and Postel hip score 14 was recorded. In an attempt to assess activity, the patients were asked to choose a score as follows: 1) low activity (mainly chairbound or modest daily movement); 2) average activity (general housework, shopping, some walking required at work); 3) above average activity (manual worker required to stand/walk regularly, or regularly partakes in energetic exercise such as walking at weekends or modest sport); 4) highly active (job requires heavy manual labour, standing for several hours per day) or partakes in sporting activity.
Measurement and grading of standard radiographs.
Cementing quality was assessed from standard anteroposterior (AP) radiographs and the scoring system of Barrack, Mulroy and Harris 15 agreed upon by two observers (BD and another, who was not an author). Radiolucent zones were recorded according to the system of Gruen, McNiece and Amstutz. 16 Additional measurements were taken from AP and lateral radiographs using CAD software, 17 and correlation with the migrations/rates were assessed. In total, 23 AP and 16 lateral radiographs were suitable for these measurements. Statistical analysis. StatsDirect statistical software 18 was used for all statistical calculations. The Shapiro-Wilk test 19 was used for evidence of non-normality. Student's t-test, paired when appropriate, was used for significance tests and a value of p ≤ 0.05 was considered to be statistically significant. The confidence intervals (CIs) presented are at the 95% level.
Results
Precision of measurement. The repeatability of the measurements from the double examinations is shown in Table  II . Repeatability in the X-Y (coronal) plane was high, especially for the stem segment as a whole but, as expected, the out-of-plane (Z) repeatability was not as good. The deterioration in repeatability with increasing distance from the bone markers (reference segment) in the proximal femur was also expected, hence the worse measurements The femoral component centroid of one patient (case 19) migrated proximally and its proximodistal migration was analysed separately during statistical analysis (Fig. 1) . Migration components in other directions were not analysed separately for this patient. The remaining 24 components subsided (Fig. 1) . The mean subsidence at 24 months was 0.25 mm (0.01 to 0.88) and by 36 months it was 0.30 mm (0.02 to 1.28), the changes during this period being statistically significant (paired t-test p = 0.0052, 95% CI 0.018 to 0.089). Exclusion of the segment data of case 16 did not alter these values appreciably (24 months, 0.25 mm; 36 months, 0.31 mm, paired t-test p = 0.009; 95% CI 0.014 to 0.089). These changes remained statistically significant when the proximal migration of case 19 was included in the analysis (and excluding case 16) of the absolute values (paired t-test, p = 0.02; 95% CI 0.008 to 0.083; Wilcoxon signed-ranks test, median difference = 0.046 mm, p < 0.001; 95% CI 0.017 to 0.053). If the subsidence of case 17 was excluded from the analysis (excluding case 16 and including case 19) , there was still a statistically significant change in subsidence during the last year (paired t-test; p < 0.01; 95% CI 0.011 to 0.048; Wilcoxon signed-rank test, median difference = 0.028 mm, p < 0.001; 95% CI 0.016 to 0.045).
All the prostheses underwent internal rotation with a mean of 1.3˚ (0.1˚ to 3.5˚) at 24 months and of 1.4˚ (0.2˚ to 4.2˚) at 36 months (Fig. 2) . However, the changes during the third year were not statistically significant (paired t-test, p = 0.1231; 95% CI -0.04 to 0.32). The exclusion of the segment data of case 16 did not appreciably affect this (24 months; 36 months, 1.4˚, 1.3˚, paired t-test, p = 0.1951, 95% CI -0.07 to 0.30).
The mean subsidence of the femoral heads was 0.36 mm (0.02 to 1.10) at 24 months and 0.40 mm (0.02 to 1.61) at 36 months. The changes in subsidence were not statistically significant (paired t-test, p = 0.0704; 95% CI -0.004 to +0.099). At 36 months, all the femoral heads had migrated posteriorly by a mean of 0.80 mm (0.02 to 2.43) (Fig. 3) , but the migration differences compared with the measurements at 24 months were not significant (paired t-test, p = 0.1019; 95% CI -0.25 to +0.02). Similarly, migration of the femoral head in the transverse plane (mean 0.76 mm (0.11 to 2.26) at 24 months and 0.90 mm (0.09 to 3.09) at 36 months) showed no statistically significant changes during that year (paired t-test, p = 0.062, 95% CI -0.026 to +0.01).
The femoral components of two patients (cases 17 and 19) showed unusual migration. In case 19, the femoral component centroid migrated 0.32 mm proximally during the first 12 months (Fig. 1) . The accompanying proximolateral migration of the femoral head, proximomedial migration of the stem tip and lateral migration of the stem shoulder described stem valgus rotation (0.9˚ at 12 months, then stabilising) about an axis close to the shoulder.
A threshold of two SDs from the mean absolute value was used to signal abnormally high migration. If migration of a stem is more than two SDs from the mean, it can be cautiously predicted that it no longer belongs to the main population of migrations and is tending to be an outlier.
Beyond three SDs it is more likely to be an outlier. In case 17, subsidence and medial migration of the centroid, femoral head and shoulder of the stem, as well as varus rotation, had either breached or were close to three SDs from the mean absolute values by 24 months (Fig. 1) . Internal rotation and posterior translation of the femoral head were then around two SDs from the mean absolute value (Figs 2  and 3 ). The patient's acetabular component had completely demarcated at the cement-bone interface, shown by a radiolucent line on the AP radiograph, from approximately 12 months post-operatively, but a leucoscan was negative and inflammatory markers were normal. The period of RSA examinations was extended for this patient. At 56 months (36 months), centroid subsidence, internal rotation and femoral head posterior migrations were 1.63 mm (1.28 mm), 4.1˚ (4.2˚) and 2.33 mm (2.43 mm), respectively. In addition, this patient had a high activity score of 4. This was corroborated by a radiological wear measurement of 3.5 mm (three times the expected rate), of the contralateral Charnley hip at nine years after operation. It had been revised at 12 years. Migration of the cement mantle. Proximodistal migration of five cement restrictor markers was within measurement repeatability error (stem tip Y-direction repeatability 0.16 mm, Table II ). The subsidence of another restrictor Up to two values caused the distribution to be non-normal in these cases * median, 4.8 mm † median, 6.5 mm ‡ median, 3.5 mm marker was higher than this, reaching 0.14 mm at three months and rising slowly to 0.19 mm at 36 months. This measurement was probably also a reflection of measurement error because the restrictor marker was more than 20 mm distal to the tip of the stem. Hence, measurement repeatability would probably have been worse than that recorded for the tip of the stem because it was further from the reference markers in the proximal femur. The cement restrictor marker in case 19 migrated proximally to 0.28 mm during the first 12 months and barely moved thereafter. This was similar to the proximal migration of the stem centroid (0.32 mm). Grades and scores. Post-operative Barrack et al 15 cementing grades were: four grade A, 16 grade B and five grade C. Affected Gruen zones were: 13 zone 2, 18 zone 3, nine zone 5, eight zone 6 and one zone 7. Case 17 had a grade B cement score, and cement deficiencies and their distribution were noted in Gruen zones 2 and 3. The mean Charnley modification of the Merle d'Aubigné and Postel hip score 13 at 36 months for pain, movement and walking were 5.55 (1 to 6), 4.95 (3 to 6), and 5.27 (2 to 6), respectively. For the activity scores there were six patients with score 1, 11 with score 2, seven with score 3, and one with 4. Measurements from standard radiographs. A summary of the standard radiological measurements is shown in Table III . From the AP radiographs, there were 13 'stovepipe' femora and ten of normal shape. 21 The mean medial flare index was larger than the mean lateral index but the difference was not statistically significant (t-test, p = 0.0592, 95% CI 0.02 to +1.05). In the AP view, the cement thickness at the tip of the stem was less than 2 mm in seven patients (three medially, four laterally), but only one of those (0.8 mm) was less than 1 mm. In the lateral view, one patient had a proximal cement thickness of less than 2 mm and three at the tip of the stem were less than 2 mm, with none less than 1 mm. A total of 18 stems were in varus orientation and five were in valgus. At the level of the most medial point of the lesser trochanter, the stem centreline was medial to the femoral axis in 17 cases and lateral to it in six. In case 17, the stem was orientated at 1.7˚ valgus, the stem centreline was 1.85 mm lateral to the femoral axis at the level of the lesser trochanter, and the cement thickness was not less than 2 mm.
Discussion
Huiskes et al 2 described the two different approaches to cemented femoral stem design in a translation from German engineering terms: shape-closed and force-closed. We believe that these design approaches are perhaps more suitably described by the words 'contained' and 'constrained'. Huiskes et al 2 emphasised that the two design approaches were simply convenient categorisations and that the difference between them was not always clear cut. Thus, a contained stem, such as the Elite Plus, does subside and migrate -at least during the first few months -but the magnitude of subsidence should be relatively small compared with that of a constrained stem. Overall, this is what we found in the present study. A mean subsidence at 36 months of 0.3 mm is four to five times less than what might be expected of a constrained type of component. 20, 22, 23 However, subsidence was still continuing at 36 months, albeit at a slow rate. Slow continuous subsidence over several years is still consistent with success. 10 It is continuous and relatively rapid migration which does not auger well for contained femoral stems. 10 Judging from migrations of the small number of cement restrictor markers that we followed, stem subsidence would appear to have occurred within the cement mantle; the mantle itself having no measurable subsidence relative to the proximal femur. By 36 months, the other main components of migration (internal rotation and posterior femoral head migration) had ceased, showing no statistically significant changes during the third year. Our data compares favourably with the centroid migration results of Grant et al 24 whose study lasted for 24 months. Excessive migration occurred in one femoral component (case 17, Figs 1 to 3) and the patient's high activity score and excessively worn contralateral acetabular component suggested that high demand was a major cause. The continuing high subsidence rate at nearly five years is a cause for concern and possibly indicates a need for future revision. Our study therefore showed a rate of failure of 4% for the Elite Plus design, but it is possible that any design of stem would have been a candidate for failure in this highdemand patient. This rate is consistent with survival rates in arthroplasty registers. 25, 26 With aseptic loosening as the end-point, the survival rate at nine years in the Danish Register 25 was 100% with the Charnley Ogee component (DePuy) and 98.1% with the standard Charnley acetabular component (DePuy). In the Swedish Register 26 it was 98.5% with the standard Charnley acetabular components (DePuy) at five years.
The proximal migration of the femoral component in case 19 was due to valgus rotation about the shoulder of the stem and we cannot explain this. The other stems, as might be expected, rotated into varus. Others who have reported proximal migration of the femoral component centroid 27 and femoral head 27, 28 considered it to be a good prognostic sign. 27 In our case, migration levelled off after 12 months and we consider this unusual early pattern of migration to be of no clinical significance.
Some aspects of our study may have biased the results in a favourable direction. First, the THRs were undertaken by one surgeon at a specialist centre. Secondly, he had implanted 314 Elite Plus stems during the five years before the RSA study. Thirdly, only stems of size 2 and 3 were implanted and none had a high offset. Nevertheless, they were of average size, the quality of cementing technique was average and the cement mantle was deficient in seven patients.
The encouraging results of the present study are in stark contrast to those from an RSA study by Alfaro-Adrian et al 20 who predicted that four of 19 femoral components would fail (recently confirmed 6 ) because of excessive posterior head migration. It might seem from these conflicting studies, therefore, that the validity of RSA as a screening technique for new stems has been challenged. However, it is important to realise that RSA is not a diagnostic tool; it does not tell us why excessive migration has occurred. This is why two RSA studies of the same type of prosthesis can have completely different results. In our study, numerous measurements and assessments were taken for each patient to assist the explanation of any excessive migration. 29 The necessity of additional assessments is exemplified by the findings for the single potential failure in our study. An RSA study showing excessive migration, and which does not include sufficient additional assessments, is likely to result in a condemnation of the prosthesis.
There have also been conflicting clinical studies of the Elite Plus stem. [3] [4] [5] [6] [7] [8] [9] We believe that it is likely that the surgical technique contributed to some poor results. A common factor linking poor results in clinical and RSA studies is the use of low-viscosity cement, which has been associated with an increased rate of failure of the Charnley low-friction arthroplasty. [30] [31] [32] In Norway and Sweden, cements such as Sulfix and CMW3 are no longer used. 31 The Oxford group has recently reported it used low-viscosity cement without proximal seals in RSA 20 and also in clinical studies. 
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